General relativity (GR) and gravitation in flat space-time (GFST) are covariant theories to describe gravitation. The metric of GR is given by the form of proper-time and the metric of GFST is a flat space-time form different from that of proper-time. The source of GR is the matter tensor and the Einstein tensor describes the gravitational field. The source of GFST is the total energymomentum including gravitation. The field is described by a non-linear differential operator of order two in divergence form. The results of the two theories agree for weak gravitational fields to the order of measurable accuracy. It is well-known that homogeneous, isotropic, cosmological models of GR start from a point singularity of the universe, the so called big bang. The density of matter is infinite. Therefore, our observable big universe implies an expansion of space, in particular an inflationary expansion in the beginning. Doubts are stated because infinities don't exist in physics. An explanation to the present, controversial discussion of expanding accelerating or non-accelerating universe as well as non-expanding universe is given. GFST starts in the beginning from a homogeneous, isotropic universe with uniformly distributed energy and no matter. In the course of time matter is created out of energy where the total energy is conserved. There is no singularity, i.e. no big bang. The space is flat and non-expanding.
Introduction
Einstein's general theory of relativity is at present the most accepted theory of gravitation. The theory gives for weak gravitational fields, agreement with the corresponding experimental results. But the results for homogeneous, isotropic, cosmological models imply difficulties. So, the universe starts from a point singularity, i.e. the universe starts from a point with infinite density of matter. The W. Petry observed universe is very big. Hence, the space of the universe must expand very quickly which implies the introduction of an inflationary universe in the beginning. There are controversial discussions about the universe, e.g. is the universe accelerating or not. GFST uses a pseudo-Euclidean geometry and the proper time is defined similar to that of general relativity, i.e. space-time and proper time are different from one another. GFST starts from an invariant Lagrangian which gives by standard methods, the field equations of gravitation. The source is the total energy-momentum tensor including gravitation. The energy-momentum of gravitation is a tensor. The field is described by non-linear differential equations of order two in divergence form. The theory is generally covariant.
The gravitational equations together with the conservation law of the total energy-momentum give the equations of motion for matter. The application of the theory implies for weak gravitational fields the same results as GR to experimental accuracy, e.g. gravitational red shift, deflection of light, perihelion precession, radar time delay, post-Newtonian approximation, gravitational radiation of a two-body system and the precession of the spin axis of a gyroscope in the orbit of a rotation body. But there are also differences of the results of these two theories. GFST gives non-singular, cosmological models. The covariance of GFST and the existence of non-singular cosmological models imply the possibility to interpret the solutions as expanding or as non-expanding space yielding an accelerating resp. non-expanding universe. GFST may e.g. be found in the book [1] and in the cited references. Additionally, non-singular, cosmological models are e.g. given in the articles [2] 
Subsequently, homogeneous, isotropic, cosmological models will be summarized. Let us use the pseudo-Euclidean geometry. The resulting universe is nonsingular under the assumption that the sum of the density parameters is greater than one, e.g. a little bit greater than one. It starts without matter and without radiation and all the energy is gravitational energy. Matter and radiation emerge from this energy by virtue of the conservation of the total energy. The space is flat and the interpretation of a non-expanding space is natural. But it is also possible to state an expansion of space by a suitable transformation as consequence of general covariance of the equations. Matter and radiation are generated from the beginning of the universe and the universe becomes hot. A certain time after the beginning matter and radiation decrease and the universe converges to dark energy as time goes to infinity. Hence, a universe given by GFST appears more natural than that received by GR which gives singular solution with infinite densities. The geometry of GR is in general non-Euclidean but the observed universe implies a flat space.
GR is well-known in contrast to GFST. Therefore, GFST and resulting cosmological models are shortly summarized in the next two sections. All these results can be found in the article [5] . Section 2 contains GFST; Section 3 contains cosmological models; Section 4 contains GR and Section 5 states GFST. Cosmological models of GR and GFST are compared with one another.
GFST
The theory of GFST is shortly summarized. The metric is the flat space-time given by ( )
where ( ) ij η is a symmetric tensor. Pseudo-Euclidean geometry has the form ( ) (
Here, ( ) ( )
are the Cartesian coordinates and
The gravitational field is described by a symmetric tensor ( )
and put similarly to (3)
The proper time τ is defined by
The Lagrangian of the gravitational field is given by
where the bar/denotes the covariant derivative relative to the flat space-time metric (1).
The Lagrangian of dark energy (given by the cosmological constant Λ ) has the form
and of matter of a perfect fluid are where κ is the gravitational constant. Then, the mixed energy-momentum tensor of gravitation, of dark energy and of matter of a perfect fluid are
Here, , p ρ and i u denote density, pressure and four-velocity of matter. It holds by (6)
Define the covariant differential operator
of order two. Then, the field equations for the potentials ( ) ij g have the form 1 4 2
where the total energy-momentum is the sum of the energy-momentum tensors of matter, gravitation and cosmological constant, i.e.,
Define the symmetric energy-momentum tensor
Then, the equations of motion in covariant form are
In addition to the field Equations (13) and the equations of motion (16) the conservation law of the total energy-momentum holds, i.e.
The field equations of gravitation are formally similar to those of GR where
T is the energy-momentum without that of gravitation since the energy-momentum of gravitation is not a tensor for GR. Furthermore, the differential operator is the Einstein tensor which may give a non-Euclidean geometry.
The results of this chapter may be found in the book [1] and in many other articles of the author, as e.g. in [5] .
Homogeneous, Isotropic, Cosmological Models
In this chapter GFST is applied to homogeneous, isotropic, cosmological models.
The pseudo-Euclidean geometry (1) with (2) The potential are by virtue of (18) and the homogeneity and isotropy
The four-velocity is by Equation (18) and Equation (6) ( ) ( )
Let 0 0 t = be the present time and assume as initial conditions at present 
The field Equation (13) implies by the use of (21) the two nonlinear differential equations
The expression ( ) 
with
Integration of (28) yields 
The initial condition is by (23)
The solution of (33) with (30) describes a homogeneous, isotropic, cosmological model by GFST.
Relation (31) can be rewritten in the form
A necessary and sufficient condition to avoid singular solutions of (33) is 
It holds for all t ∈  ( ) 1 0.
Subsequently assume
Then we get by virtue of (38)
It follows from (32) by virtue of (41) 
i.e. the sum of the density parameters is a little bit greater than one. Hence, ( ) a t starts from a positive value, decreases to a small positive value, and then increases for all t ∈  .
The proper time from the beginning of the universe till time t is ( )
The differential Equation (33a) is rewritten by the use of (30) in the form
Hence, the differential equation for the function by the use of the proper time is
This differential equation is by virtue of (41) and a not too small function ( ) a t identical with that of GR for a flat homogeneous, isotropic universe. Therefore, away from the beginning of the universe, the result for the universe agrees for GFST with that of GR. Under the above stated assumptions and 0 r Ω = the differential Equation (33) infinity at −∞ , decreases to a positive value and then it increases to infinity as t goes to infinity. The longer calculations are omitted and they can be found in the article [3] .
The differential Equations (44) and (45) show that the condition (35) is important to avoid singularities. GR gives 0 0 K = which yields the singularity of the model (big bang). We introduce in addition to the proper time τ the absolute time t′ by ( ) ( ) ( )
This gives for the proper time in the universe
where dx denotes the Euclidean norm of the vector ( )
Relation (47) implies that the absolute value of the light-velocity is equal to vacuum light-velocity c for all times t′ . The introduction of the absolute time t′ in the differential Equation (45) gives ( )
Assume that a light ray is emitted at distance r at time e t′ resp. at time d e e t t ′ ′ + and it is received by the observer at time t′ resp. at time 
Therefore, the age of the universe measured with absolute time is greater than 0 1 H independent of the density parameters, i.e. there is no age problem.
We will now calculate the red shift of light emitted from a distant object at rest and received by the observer at present time. It is useful to introduce the absolute time. Assume that an atom at a distant object emits a photon at time e t′ .
It follows from relation (46)
Therefore, the energy of the emitted photon is
The energy of the photon moving to the observer in the universe is constant by virtue of (47), i.e. by the constant light velocity. Then, the corresponding received frequency is 
General Relativity
The theory of general relativity as well as the resulting cosmological models is well-known. Astronomical observations show that the universe is flat. Therefore, only flat space of general theory is stated. The curvature of the universe must be zero by the cosmological principle. This means that the sum of the density parameters is equal to one. The strong gravitational field in the neighbourhood of the singularity implies a high curvature which contradicts to a flat universe, i.e.
with curvature zero. This problem is solved partly by the introduction of an inflationary expansion. Hence, either general relativity is not correct or the cosmological principle is not valid.
Field theory of Gravitation
GFST is a field theory which describes gravitation as a field in flat space-time.
The theory is covariant and it is studied in the book [1] , in the cited references there in and in the articles [2] [3] and [4] . This theory gives for weak gravitational fields to the lowest order of accuracy (measurable accuracy) the same results as general relativity. But there are differences to general relativity for strong gravitational fields, e.g. for the universe in the beginning. The source of the field equations of gravitation is the total energy-momentum including that of gravitational field which is a tensor for this theory. The universe starts without matter in the beginning and consists only of (gravitational) energy. In the course of time matter and radiation are created where the total energy is conserved. Singularities don't exist under the assumption that the sum of the density parameters is greater than one (at least a little bit greater which is subsequently assumed). Hence, there is no big bang. Models with and without cosmological constant are studied in the book [1] . By the use of the pseudo-Euclidean geometryas metric the solution yields a non-expanding universe. The red shift of distant objects in a non-expanding universe was already given in article [11] . It is worth to mention that by virtue of the covariance of the theory the non-singular results can be interpreted in a non-expanding and in an expanding space. The space of the theory is flat independent of the density parameters. The presently assumed density parameter of matter is ≈0.3. To avoid singular solutions of the cosmological model the density parameter of the cosmological constant must be ≈0.7 such that the sum of the two values is a little bit greater than one.
The present discussion of the universe about non-expanding or expanding with acceleration can be solved by GFST because non-expanding space seems to be the natural interpretation but the interpretation as expanding space is also possible. GR demands by virtue of the point -singularity an acceleration of the universe.
Article [10] contains further differences of the two theories.
A theory of gravitation in flat space-time (GFST) is given. The field is a tensor of rank 2 which is described on a flat space-time metric, e.g. the pseudo-Euclid-ean geometry. The field equations have as source the total energy-momentum tensor inclusive that of gravitation which is a tensor. The conservation of the total energy-momentum tensor implies the equations of motion and reverse. The theory is generally covariant and the results of GFST and general relativity (GR) agree for weak fields to the lowest order of approximation. Homogeneous, isotropic, cosmological models of GFST are studied in the pseudo-Euclidean geometry. Assuming that the sum of the density parameters is a little bit greater than one the resulting cosmological models are non-singular. In the beginning of the universe no matter exists, i.e. all the energy is gravitation. In the course of time matter and radiation are generated from gravitational energy. The total energy is conserved. The space is flat and non-expanding. Certain time after the beginning the results of the two theories highly agree with one another under the assumption that the universe is flat. The general covariance of the theory gives the possibility to interpret the results in a non-expanding or in an expanding universe.
Conclusions
GFST is a field theory like Electrodynamics and GR is geometry. For weak fields, the two theories give approximately the same results under the assumption that the universe is flat. Astrophysical observations show that the universe is flat.
Cosmological models of GR imply a singularity in the beginning of the universe with infinite matter density (big bang). Hence, in the neighbourhood of the singularity, there is a high curvature, i.e. space is not flat in the neighbourhood of the singularity. The cosmological principle implies that space is everywhere flat.
Hence, we get a contradiction to GR or to the cosmological principle. The universe starts from a point-singularity. Therefore, space must expand or even inflationary expand by virtue of the big observed universe.
GFST is generally covariant, i.e. the space can be interpreted as non-expanding or as expanding. The density parameter of matter is at present assumed to be 0.3. ≈ Therefore, the density parameter of dark energy is 0.7 ≈ with the assumption that the sum of the density parameter is a little bit greater than one to imply non-singular cosmological models. Cosmological models of GR have a flat space under the assumption that the sum of the density parameters is equal to one. Therefore, GR and GFST give about the same values for the density parameters. But in the beginning of the universe, the solutions of GR and GFST are quite different. There exists a singularity (big bang) by GR and the solution of GFST is everywhere defined and regular, i.e. no bang. It is worth to mention that singularities are physically not allowed.
